Objective: To evaluate the use of drugs to relieve the pain of invasive procedures newborn infants cared for at a university hospital NICU.
Introduction
Even though the relief of pain is one of the basic principles of medicine, in practice analgesia is frequently ignored when patients have difficulties verbalizing sensations and sentiments. Since 1970, numerous studies have demonstrated that undertreatment of pain is common, especially in children and newborn infants. [1] [2] [3] [4] The difficulty in recognizing and alleviating pain during the neonatal period is one of the greatest obstacles to its adequate treatment in intensive care units. The lack of knowledge regarding valid tools for pain evaluation, definitive criteria for indication of pharmacologic pain relief and possible side effects of this class of drugs in this age group contribute to this situation.
Newborn infants receiving intensive care are subject to several potentially painful interventions. In 2003 Simons et al. 5 observed 151 neonates for the first 14 days after admission to an ICU and found that each of them was subjected to an average of 14 painful procedures per day. Prestes 4 assessed four neonatal units at university hospitals in São Paulo for 1 month in 2001 and found an average of 3 to 5 potentially painful procedures per infant per day.
In Brazil there has been little research regarding the use of analgesia in NICU and the medical teaching on the subject. Evaluation of theoretical and practical teaching of themes related to neonatal pain at leading centers is important to improve understanding of the real situation of treatment of neonatal pain and to propose improvements in the management of these sick patients. Against this background, the objectives of this study were to analyze the frequency that analgesics are employed to relieve pain triggered by invasive procedures on newborn infants admitted to university NICU and to investigate the profile of analgesic usage with these neonates, i.e. the drugs chosen, the criteria for their indication and the factors associated with systemic analgesic usage.
Methods
This observational, multicenter study deals with a prospective cohort of newborn infants admitted to four university NICU in São Paulo state, two in the capital and two in the provinces. The research project was approved by the Research Ethics Committee of each institution. There was no need for informed consent from family members since this was an exercise to collect population data from the neonates admitted to the units in question, but the confidentiality of the information gathered from each patient and each unit was guaranteed. The research took place from the 1st to the 31st of October in 2001, at the four participating centers. The study month was chosen at random and, in terms of the number of admissions, the number of patients ventilated and the number of surgical patients, it represented the average for that year, at each of the units with the exception of one which was being refurbished and had reduced capacity during 5 months in 2001.
The only inclusion criterion was admission to one of the four university neonatal units during the study month. Therefore all newborn infants admitted, for whatever period (hours or days) or motive, to one of the four units according to the definitions of intensive care used at each institution were selected. The power of the sample was not assessed since all patients admitted during the month selected were studied.
Based on these criteria, data was collected prospectively on the characteristics of the units studied and of their patients, of the potentially painful procedures performed and the use of analgesics. The person responsible for each neonatal intensive care unit filled out a questionnaire with information on the general characteristics of the unit and the existence of written guidelines on pain and analgesia during the neonatal period.
Data on the characteristics of newborn infants admitted to each unit were collected by one neonatologist at each institution, and a record card per day filled out per institution. Therefore, information was obtained on all patients in each study unit and on patient-days. The following variables were included for each infant: birth weight, daily weight, age in days, days since admission, gender, gestational age and clinical problems. Main diagnoses were recorded for each days stay in the intensive care unit. Any painful procedure carried out, or attempts to perform them, were recorded on a bedside chart that was filled out by the doctors and nurses who cared for the patients. Data from these charts were collected daily by the local coordinator. The following data were analyzed in order to evaluate the use of analgesics on the newborn infants admitted to the intensive care units during the study period:
Patient-days on analgesia: total sum of patients in each unit who received at least one dose of analgesic for each day of the study.
Indication for analgesia: the indications described for drug prescription on medical records were evaluated.
Analgesics: observations were made of which analgesic medications were used.
Patient-days on analgesia: the total sum of newborn infants in each intensive care unit that were given at least one dose of analgesic for each day of the study.
Number of arterial punctures, venous, capillary and lumbar punctures on analgesia each day of the month under analysis.
Number of tracheal intubations, thoracic drains, and central catheter insertions (umbilical, percutaneous or phlebotomy) phlebotomy under analgesia for each day of the month under analysis.
Postoperative period under analgesia: newborn infants that were receiving some type of analgesic up to three days since they had undergone a surgical operation were counted for each day of the study.
Numbers of ventilation-days, chest-tube-days and catheter-days under analgesia.
It should be pointed out that although the doctors and nurses were aware of the study protocol, they did not know that data collection included variables on pain relief. Furthermore, none of the local researchers were doing clinical work during the study month and so did not make any of the decisions on analgesia.
Logistic regression was chosen for the investigation of factors associated with the use of analgesics at the university neonatal units studied. 6 The dependent variable was the use of at least one dose of an opioid analgesic, systemically, during the study month. The independent variables were chosen according to relevant literature on the subject. [7] [8] [9] [10] The final model estimated the chance of analgesic use according to the odds ratio obtained for each variable that remained significant after the removal of all non-significant variables and evaluation of the beta remainder coefficient
The use of analgesia in NICU Prestes ACY et alii and the significance of the model. This analysis was performed using SPSS 8.0 with p < 0.05 defined as significant.
Results
In order to maintain data confidentiality, the four institutions were labeled A, B, C and D at random. The total numbers of available beds were 60 at neonatal unit A, 37 at B, 44 at C and 59 at D. Units A, B and C had 12 to 15 intensive care beds and D, which was being refurbished, had just six. The mean monthly number of births at units A, B, C and D were 300, 100, 120 and 270, respectively. All of them were referral centers for high-risk pregnancies and had medical and nursing students and residents in pediatrics and neonatology. With respect to the teaching of pain management and analgesia, just one institution reported having a formal theoretical program on the subject. However, all four institutions reported that they held clinical discussions on the subject during neonatal bedside rounds.
During the study month, 39 newborn infants were admitted to institution A, 19 to B, 17 to C and 16 to D, totaling 91 patients. The characteristics of these patients are shown in Table 1 . The most prevalent diseases in the patients at all institutions were respiratory conditions (54%) and infections (39.5%). Malformations were also frequent among the newborn infants admitted to all units evaluated, varying in frequency from 12 to 26% of neonates in intensive care during the study month. Regarding mortality, 16 (17.5%) of the 91 newborn infants died at the four institutions approached.
The 91 neonates admitted to the four institutions totaled 1,025 patient-days. Two hundred and fifty-seven of these patient-days (25%) were under analgesia. Institution B used analgesics most (43%), followed by C (27.5%) and then by institutions A and D, where 20% of the patient-days during the study month were under analgesia. Just 35 (28%) of the 91 newborn infants admitted to the four institutions received at least one dose of analgesic. The written indications for analgesia were: mechanical ventilation in 15 (44%), postoperative period (20%), reports of pain in four (11%), agitation in one (3%) and thoracic drainage in four (11%) patients.
Fentanyl was used on 93% of the 257 patient-days under analgesia. At institutions A, B and D, 95 to 98% of the patient-days on analgesia were given fentanyl. At institution C, fentanyl was administered to 82% of the 51 patient-days on analgesia, 13% received tramadol and 5% received sulfentanyl.
Even though mechanical ventilation was the most common indication for analgesia, less than half of the mechanically ventilated infants (44%) were given analgesics, taking all four institutions together. Analgesics were used within 3 days of a surgical procedure most often at institution B (75% of patient-days). This figure was around 44% at A and C and at D no surgical procedures were carried out during the study period. Overall, just nine (53%) of the 17 neonates in the first three days of the postoperative period were given at least one dose of analgesia. Newborn infants who underwent annular pancreas or duodenal atresia correction, which are two major operations, were not given any type of analgesic during the postoperative period. The numbers of other painful procedures performed together with concurrent analgesic use are shown in Table 2 Gender n (%) masculino 18 (46%) 10 (53%) 9 (53%) 13 (81%) necrotizing enterocolitis, which is known to be painful, 11 ten neonates had necrotizing enterocolitis and eight (80%) of them were not given any analgesics during the acute phase of the disease.
In order to investigate factors associated with the use of analgesics at the units studied, an initial logistic regression model was built including the following variables: institution, age in days, weight at enrollment in the study, gender, presence or absence of mechanical ventilation, chest tube, postoperative period, and references to pain on the medical record. Based on this initial model, eight successive models were built until the model that best explained the use of analgesics was obtained with a likelihood ratio of 92.98 and p < 0.01. In this final model, the fact of a patient being on mechanical ventilation increased their chances of receiving at least one dose of analgesic by 6.4 times (95% CI: 1.7-23.9; p = 0.006) , and the fact of having a chest tube in place increased the chance by five times (95% CI: 0.9-24.5; p = 0.064).
Discussion
The four institutions were chosen because they are university centers, places where the human resources who will care for critically ill newborn infants are trained. All of them preferred to teach pain management in the neonatal period at the bedside. This training, therefore depends on the individual opinion of each different doctor that teaches a given group of students. The adoption of a minimum curriculum to teach pain and pain management in the neonatal period to pediatricians and neonatologists is recommended.
In terms of analgesic practice, just 23% of the 1,025 patient-days were given at least one dose of analgesic. Simon et al. 5 observed 1,375 ICU patient-days within the first 14 days of life, reporting that 15 to 32% of these received at least one dose of analgesic per day of the study. This result is also similar to descriptions by Anand et al., 2 who evaluated 1,068 newborn infants in 109 intensive care units in North America for 1 week, noting that 27% received analgesics. These data confirm that prescription of analgesics to just a small portion of the neonates receiving intensive care is a common practice.
The question was then whether the profile of analgesic prescriptions would differ between the institutions analyzed. Note that unit B used analgesics most (43% of the patientdays) and that, at the other units, the level varied from 17 to 27% of neonate-days received pharmacologic pain relief. Kahn et al. 12 also evaluated pain management in 1,422 premature infants at six North-American units in 1998 with marked differences among these units. Divergences could be linked to factors related to the characteristics of the neonates themselves or of the healthcare professionals working there. 7, 10, [13] [14] [15] [16] [17] Fentanyl (93%) was the most prescribed analgesic in this study, in a similar manner to what has been reported by Anand and Selanikio 18 and Castro et al.. 8 In contrast, Stevens et al. 19 found that morphine was given twice as often as fentanyl at Canadian neonatal units. The choice of opioid made by the university centers from São Paulo is understandable when one considers the decrease amount of hemodynamic side effects of fentanyl compared with morphine. 20 With reference to the indications for analgesia, it was found that mechanical ventilation accounted for 44% of opioid prescriptions, followed by the fact that a newborn was in postoperative period (20%). The presence of pain was a minor indication for analgesia in the present study. These findings show that available methods for evaluating pain in infants have not been incorporated into clinical practice at the institutions studied.
Having looked at the general pattern of analgesia usage, it is interesting to observe how the acute pain triggered by each painful procedure was being alleviated. None of the infants were given any kind of anesthesia for venous arterial or capillary punctures. It is understandable that topical anesthetics are not used since there are no practical, safe and efficient local medication options that offer relief from the pain caused by minor procedures to neonates. 21 Tracheal cannula insertion 115 zero 28% Table 2 -Number of painful procedures performed together with concurrent analgesic use, percentage of newborns who were given specific analgesia for the procedure and of those under systemic analgesia during the event due to other indication than the procedure itself
The use of analgesia in NICU Prestes ACY et alii results are similar to others published in the scientific literature. 22, 23 Local administration of lidocaine for lumbar punctures is recommended during the neonatal period. 11, 24 Sabrine and Sinha 3 verified the regular use of analgesics for lumbar puncture in 9% of the English neonatal ICU. Porter and Anand 22 studied 140 lumbar punctures, and analgesia was given specifically for that procedure in just 4%. In the present study 39% of punctures were performed under analgesia, but all these patients were already receiving analgesics for other reasons and no specific pain relief was prescribed for any puncture.
Some benefits of using analgesics with premature infants who are on mechanical ventilation include attenuation of physiological and behavioral responses to pain 25 and a reduced incidence of death and/or intraventricular hemorrhage degrees III/IV and/or periventricular leukomalacia. 5, 26 A multicenter study, however, published in 2004 by Anand et al. 27 on the preemptive use of morphine in premature infants on mechanical ventilation reported an increased frequency of severe ventricular hemorrhage among patients with gestational ages from 27 to 29 weeks. Overall, even though the literature indicates that pain and discomfort in neonates on assisted ventilation exists and also that pain is possibly associated with long-term consequences, only one third of the ventilated patient-days studied here were given some type of analgesic. This finding is paradoxical since the main indication for analgesia in the studied units was mechanical ventilation.
Chest tube insertion contrasted with the profile seen up to this point, with 100% being carried out under analgesia at all four institutions. Chest tube insertion appears to lead to uniform concern about the possible pain experienced by the newborn. On the other hand, just 8% of the tracheal tube insertions were performed under analgesia at all four institutions as a group. This is a low figure when one considers that tracheal intubation is an invasive and painful procedure and that, when performed on adults, it is almost never done without analgesia and/or sedation.
It was the undertreatment of pain of the neonates subjected to surgery that triggered all of the scientific communitys interest in the theme. 28 In the present study a large proportion of newborn infants continue to be given no pain relief medication after minor, medium and even major surgery. The difficulty of incorporating knowledge regarding the existence and the consequences of pain to newborns into practice must be emphasized.
Finally, in order to find out which factors might explain the use of analgesics at the units, a logistic regression analysis was performed in an attempt to investigate whether factors distinct to each unit, characteristics of the newborns (age postnatal, weight and sex) and/or specific procedures (mechanical ventilation, chest drainage, post-op) could explain the employment of analgesics on the newborn infants admitted to university intensive care units. Neither the institution, nor the characteristics of the newborn infants themselves were associated with analgesia use. Why, therefore, were analgesics prescribed? The results indicate that analgesics were prescribed for newborn infants on mechanical ventilation, especially if fitted with a chest tube. Analgesia is therefore being used on the most unstable set of newborn infants from the clinical point of view, those that need the most intense, prolonged and invasive ventilatory support.
In the face of these findings the conclusion that can be drawn is that the patients admitted to university neonatal intensive care units are subjected to many potentially painful procedures and that the use of analgesics is still infrequent. It is necessary to improve health professionals training in order to reduce the gap between current knowledge that exists on pain management in the neonatal period and actual clinical practice.
